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@ Thin-film transistor circuit. 

@ A thin-film transistor circuit used to drive a liquid crystal 
display (LCD) device is disclosed, which circuit includes a plu- 
rality of circuit components (Cjj) which are as arranged in the 
lorm of a matrix as to be connected with data lines (Y Jt Yj+i) 
for supplying an image signal and with address lines (Xj, X } + ,) 
for supplying a gate pulse signal, whereby the circuit com- 
ponents control the picture element display in the unit picture 
element region of the LCD device. Each circuit component has 
a capacitor (26) connected to the unit picture element region 
(22) for temporarily storing the image signal, and a TFT transfer 
gate (20) having a gate electrode connected to one (Xj) of the 
address lines, a source electrode connected to one (Yj) of the 
data lines, and a drain electrode connected to the capacitor 
126) The transfer gate (20) performs the switching operation 
in response to the gate pulse signal, thereby transferring the 
image signal to the capacitor 126). A compensating pulse signal 
which is synchronized with the gate pulse signal and has a 
polarity opposite to thatof the gate pulse signal is applied to the 
capacitor (26). thereby preventing a decrease in the image sig- 
nal voltage across this capacitor (26) due to the parasitic ca- 
pacitance component existing in the thin-film transistor (20). 
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Thin-film transistor circuit 

The present invention relates in general to thin- 
film transistor circuits and, in more particular, to a 
thin film transistor circuit which is utilized as the 
transistor matrix array of a thin disply device, such as 
5 a liquid crystal display device. 

A thin display device which includes a drive cir- 
cuit comprised of a transistor matrix array has recently 
been developed. A liquid crystal (LC) display panel, 
electroluminescence (EL) display panel and electro- 

10 chromic, (EC) display panel are included among thin 
display devices. 

According to the conventional thin display device, 
image information is stored in a transistor matrix array 
provided on a substrate, for every dot. The image 

15 information thus stored is displayed in accordance with 
the above-mentioned matrix dots in the liquid, crystal 
layer, EL layer, or EC layer which is disposed on the 
matrix array. 

The display region of the display device which 

20 includes the transistor matrix array therein is divided 
into a matrix of, e.g., m x n (where, m and n are 
positive integers); and, accordingly, it has (n x m) 
unit picture elements. A picture element circuit having 
a memory function is so provided as to correspond to 

25 each unit picture element section. Fundamentally, each 
picture element circuit has a thin-film transistor (TFT) 
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which serves as a transfer gate, and a capacitor for 
storing a picture element image signal. When the 
voltage corresponding to the image signal is applied 
to this capacitor , the capacitor holds this voltage and 
5 then applies it to the display layer at a proper time, 
thereby driving the picture elements to be displayed. 
One important factor in obtaining a good image display 
pertains to the fact that the voltage to be applied to 
the capacitor is efficiently supplied to the display 

10 layer , upon its display. However, according to a con- 
ventional thin display device such as an LC display 
panel, the transistor included in the picture element 
circuit has an undesirable parasitic capacitance between 
the gate-drain electrodes. Thus, since the above- 

15 mentioned signal voltage, which is stored in the capaci- 
tor, might be reduced by this parasitic capacitance 
component, the voltage value to be actually supplied to 
the display layer could be smaller than the normal value 
of the signal voltage which was previously applied. The 

20 reduction of the signal voltage to be supplied to the 
display layer interferes with the good image display 
characteristics of the display layer. Particularly in 
the case where the transistor is made from a thin-film 
semiconductor material such as amorphous silicon, the 

25 width of the transistor's channel region must be 

enlarged to sufficiently reduce the ON resistance of the 
channel, since the above-mentioned material has small 
electric field effect mobility. In this case, the 
parasitic capacitance component, which is included 

30 in the picture element circuit, increases with an 

increase in the channel width of the switching TFT. 
Consequently, the reduction of the image signal voltage 
due to the parasitic capacitance is further exaggerated , 
rendering the operation of the display device by the 

35 transistor matrix array difficult. This problem has 
been as major obstacle to the realization of a thin 
display device which includes a transistor matrix array 
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employing a TFT made from a semiconductor material with 
low carrier mobility. 

It is therefore an object of the present invention 
to provide a thin-film transistor circuit which is 
preferably utilized in performing the image display 
driving of a thin display device, such as a liquid 
crystal display device, and which compensates for the 
voltage drop of the image signal caused by the parasitic 
capacitance component which is undesirably included in a 
display drive circuit of such a kind of display device, 
thereby promoting good image display. 

According to the present invention, to attain the 
above object, a thin-film transistor circuit for driving 
a thin display device includes a plurality of circuit • 
components which control the picture element display in 
unit picture element regions of the thin display device. 
The circuit components are arranged so. as to form a 
matrix connected to data lines supplying an image signal 
and connected to address lines substantially crossing 
the data lines perpendicularly and supplying a first 
pulse signal to command the transmission of the image 
signal. Each circuit component has a capacitor section, 
a transfer gate section and a voltage compensating sec- 
tion. The capacitor section is connected to one unit 
picture element region of the thin display device to 
receive the image signal, which is temporarily stored 
therein. The transfer section performs switching opera- 
tion in response to the first pulse signal, thereby 
transferring the image signal to the capacitor section. 
The transfer section contains a thin-film transistor 
which has a gate electrode connected to one of the 
address lines, a source electrode connected to one data 
line, and a drain electrode connected to the aforemen- 
tioned capacitor section. The voltage compensating 
section supplies the capacitor section with a -second 
pulse signal, which signal is synchronized with the 
first pulse signal and has a polarity opposite to that 
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of the first pulse signal, thereby preventing the image 
signal voltage across the capacitor section from 
decreasing. 

The present invention is best understood with 
5 reference to the accompanying drawings, in which: 

Fig, 1 is a circuit diagram showing the arrangement 
of one picture element circuit of a conventional thin- 
film transistor circuit which may be adopted to drive 
the display by means of a liquid crystal display device; 
10 Fig. 2 is a diagram showing the overall arrangement 

of a thin-film transistor circuit (including a picture 
element circuit section which is arranged in the form of 
a matrix) used to drive the liquid crystal display 
device of one embodiment according to the present 
15 invention; 

Fig. 3 is a circuit diagram showing the internal 
arrangement of one picture element circuit which exists 
in the (i,j)th matrix position among the various picture 
element circuits shown in Fig. 2; 
20 Figs. 4A to 4D are diagram showing the waveforms of 

the signals to be supplied to the principal sections of 
the picture element circuit of Fig. 3; 

Fig. 5 is a plan view showing the principal section 
of a liquid crystal display device to which a thin-film 
25 transistor circuit of a second embodiment according to 
the present invention is applied; 

Fig. 6 is a diagram illustrating a cross-sectional 
arrangement taken along line VI-VI of the liquid crystal 
display device of Fig. 5? 
30 Fig. 7 is a circuit diagram showing the internal 

arrangement of one (i,j)th picture element circuit which 
is included in the thin-film transistor circuit formed 
in the LCD device shown in Figs. 5 and 6; 

Figs. 8A to 8D are diagrams showing the waveforms 
35 of the signals to be generated in the principal sections 
of the picture element circuit of Fig. 7? 

Fig. 9 is a circuit diagram showing the internal 
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arrangement of one picture element circuit provided in 
the (i,j)th matrix position in a thin-film transistor 
circuit of a third embodiment according to the present 

invention; 1 

Figs. 10A to 10E are diagrams showing the waveforms 
of the signals to be generated or supplied in the 
principal sections of the picture element circuit of 
Pig. 9; and 

Fig. 11 is a circuit diagram showing the internal 
arrangement of one picture element circuit which is 
included in the thin-film transistor circuit applied to 
an EL display device. 

Prior to a description of embodiments of the 
present invention, a conventional display drive cir- 
cuit of a liquid crystal (LC) display device will be 
described with reference to the drawings, to facilitate 
understanding of the present invention. 

Conventionally, a picture element circuit (i.e., a 
circuit used to drive an LC layer corresponding to one 
picture element of the LC display) of a display drive 
circuit to a provided in an LC display device has a 
fundamentally simple configuration, such as that 
illustrated in Fig. 1. The reason for its simple 
arrangement is that it is necessary to increase the 
number of picture elements in one display screen, to 
obtain a display image with a high degree of accuracy 
and fineness on the LC display. A simple circuit is 
more advantageous, since the transistor circuit is 
formed with high manufacturing yield in a picture 
element region thus narrowed on the display substrate. 

In the conventional picture element circuit shown 
in Fig. 1, a switching transistor 2 is ON/OFF controlled 
in response to a voltage pulse signal to be supplied 
from a first power supply 4, through an address line 6, 
to its own gate. A picture element signal is supplied 
from a second power supply 10 to the source of the MOS 
transistor 2 through a data line 8. The drain of the 
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transistor 2 is grounded through a capacitor 12 for 
storing the signal voltage and is connected to an LC 
layer section 14. When a high gate pulse signal for 
making the transistor 2 conductive is input to the 
5 address line 6, the transistor 2 is turned ON. At this 
time, an image signal to be transmitted through the data 
line 8 is supplied to the capacitor 12 through the con- 
ductive transistor 2 and is stored therein. While the 
gate potential of the transistor 2 is at zero volts, the 
10 capacitor 12 holds the voltage value corresponding to 
the image signal. When the image voltage signal thus 
stored in that capacitor 12 is supplied to the LC layer 
14 in response to the turning-off of the transistor 2, 
the image corresponding to one picture element is 
15 displayed in the LC layer 14. 

However, since a parasitic capacitance actually 
exists between the gate-drain of the MOS transistor 2, 
this means that the additional capacitor indicated by 
reference numeral 16 in Fig. 1 is connected to the 
20 above-mentioned signal storing capacitor 12 (this con- 
necting relationship being represented by the dotted 
line of Fig. 1). As a result of this, at that moment 
when the channel region of the transistor 2 is closed 
in response to the reception of the gate signal whose 
25 level is zero or not greater than that of the threshold 
voltage, the image signal voltage which has been stored 
in the capacitor 12 is decreased due to the parasitic 
capacitance. Thus, portion AV of the original (or 
initial) image signal voltage, which was input through 
30 the transistor 2, could have been trapped in the para- 
sitic capacitor 16 and, accordingly, the voltage which 
is only the voltage component AV lower than the original 
image signal voltage is merely used to drive the LC 
layer 14. This would cause the image display effi- 
35 ciency in the LC layer 14 to become worse. In addition, 
the operating point in the liquid crystal driving 
changes and black-and-white indications are inverted, so 
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that the image display will now be normally performed. 

A polycrystal material such as Si, CdSe, Te, CdS , 
etc., in the crystalline, polycrystalline , or amorphous 
state, etc., may be used as the semiconductor material 
of the transistor. To realize the above-mentioned 
matrix array of a large area with a low production 
cost, polycrystal semiconductor materials and amorphous 
Si or the like, which may be manufactured by a low- 
temperature process, have recently received a great deal 
of attention. With a thin-film transistor using such 
thin-film semiconductor materials, since the electric 
field effect mobility is markedly lower than that of a 
MOS transistor made of crystalline Si, or the like, it 
is necessary to make the channel width of the transistor 
fairly large and to set the ON resistance of the channel 
low enough to sufficiently store the image signal in the 
capacitive load 12, within a time period At equivalent 
to a pulse width of the gate pulse signal. In such a 
large thin-film transistor, the reduction amount AV 
of the stored voltage could have been substantially 
enlarged, since the parasitic capacitance 16 is signifi- 
cantly enlarged. Such reduction of the image signal 
voltage makes operation of the display device by means 
of the transistor matrix array difficult and, in par- 
ticular, is a great obstacle in the realization of a 
thin-film transistor matrix array consisting of a semi- 
conductor material with low mobility. 

Fig. 2 shows a thin-film transistor circuit which 
serves to drive the liquid crystal display device in 
accordance with a first embodiment according to the 
present invention. This liquid crystal display (LCD) 
device has unit picture elements which are arranged in 
the form of an m x n matrix. In the circuit arrangement 
of Fig. 2, (m x n ) picture element circuits Cn» C 12 ' 

C ln , C^, W each of which drives 

corresponding unit picture elements of the LCD and has 
a memory function, are arranged in the form of a matrix, 
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through m address lines X and n data lines Y. The image 
information of the LCD picture element is stored in 
corresponding picture element circuit C. The image 
display is performed in liquid crystal layer (not shown) 
of Fig. 2, which is provided on the transistor matrix 
array, in accordance with these image information. The 
address lines X 1 , X 2 , ^ are connected to DC power 

supplies VU].), . .., VlXn), respectively, while data 
lines Y lr . .., Y m are connected to DC power supplies 
V(Yi), ...f V(Y m ), respectively. 

With reference to Fig. 3, the internal arrangement 
of one picture element circuit Cij among the picture 
element circuits C is illustrated here in detail. The 
internal arrangements of the other picture element cir- 
cuits are similar to that of this picture element cir- 
cuit Cjj. The picture element circuit Cij includes a 
thin-film transistor (TFT) 20 which serves a transfer 
gate for an image signal to be displayed in a unit LCD 
layer 22. The TFT 20 has its gate electrode connected 
to the i-th address line X ± , and the source electrode 
thereof is connected to the j-th data line Yj. The 
drain electrode of the TFT 20 is connected to the 
unit LCD layer 22. Reference numeral 24 designates a 
capacitor which equivalently represents the parasitic 
capacitance component to be caused between the gate and 
drain of the TFT 20. A signal storage capacitor 26 is 
provided between the TFT drain electrode and the ground. 
This embodiment also has m third lines 2 lr Z m / 
which are parallel to the address lines X and connect 
each picture element circuit column. These lines Z x , 
Z m are each connected to their respective power 
supplies V(Z X ), V(Z m ) for voltage compensation, 

in the picture element circuit Cij of Fig. 3, a capaci- 
tor 28 is provided between the i-th compensation line Zi 
and the drain of the TFT 20. Therefore, according to 
the circuit of this embodiment, a compensating voltage 
V is supplied, through the capacitor 28, to the 
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capacitor 26 for storing the image signal. 

When the gate pulse signal having the waveform 
shown in Fig. 4A (for turning on the TFT 20) is supplied 
through the address line Xi to the' gate of TFT 20, this 
5 TFT 20 is rendered conductive in response to this 

signal, Thus f the image signal (Fig. 4B) provided on 
the data line Yj is stored in the capacitor 26 , through 
this conductive TFT 20. At this time, the compensating 
signal, which is synchronized with the gate pulse signal 

10 of Fig. 4A and has a pulse component 32 of a polarity 
opposite to that of the pulse component 30 of the gate 
pulse signal shown in Fig. 4C, is supplied to the signal 
storage capacitor through the additional capacitor 28. 
Therefore, it is prevented that a signal component 

15 (indicated as "AV" in Fig. 4D) of the image signal 

stored in the capacitor 26 decreases due to the voltage 
drop at the parasitic capacitor 24 to be caused between 
the gate and drin of the TFT 20. The amount of charge 
0_ to be accumulated at a common contact 34 of the three 

20 capacitor components 24, 26, 28 which are included in 

the picture element circuit C^j (Fig. 3) at time t^ when 
only the time period At has elapsed from time to when 
the TFT 20 had been turned ON (i.e., the point in time 
immediately before the TFT 20 is turned OFF) is 

25 expressed as follows: 

0_ = C s -V d + c p (V d - V g - V g0 ) 

+ c 2 (v d + v z - v z0 ) (1) 

where C s : capacitance of the signal storage capacitor 

30 26, 

C p : capacitance of the parasitic capacitor com- 
ponent 24, 

C z : capacitance of the additional capacitor 28, 

V g : pulse potential level of the gate pulse 

35 signal, 

V d : potential level of the image signal, 

V z : compensating voltage. 
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The charge amount Q + at the contact 34 immediately 
after the above-mentioned time ti (i.e. f at the point 
in time immediately after the TFT 20 was turned OFF) 
is expressed as follows: 

0+ " C s (V d - AV) + C p (V d - AV - V gQ ) 

+ C 2 (V d - AV - V z0 ) (2) 

From the above equations (1), (2), the amount of signal 
voltage drop AV of the image signal may expressed as 
follows: 

AV = c p : v g : c * : v * (3) 

c s + c p + c 2 

As may be seen from the above equation (3), it is 
possible to set AV at zero by supplying to the signal 
storage capacitor 26 the compensating pulse signal 
represented by the equation, V(z) ■ (C p /C z )V g , which 
signal has a voltage, i.e., -(V g + V g0 ) of a polarity 
opposite to that of the pulse potential V(x) = V g + V g0 
of the gate pulse signal (Fig. 4A) to be supplied to 
the gate of the TFT 20. It is therefore possible to 
favorably compensate for the reduction of the signal 
voltage of the image signal to be displayed in the 
unit picture element 22 f which reduction is due to the 
negative influence of the parasitic capacitor at the 
transfer gate 20. 

Figs. 5 and 6 are, respectively, a plan view and a 
cross-setional view of a liquid crystal display device 
which includes therein a thin-film transistor circuit of 
the second embodiment of the present invention. Gate 
electrode films 52-1 and 52-2, which are constituted 
integrally with the address lines X^-i and X ± , respec- 
tively, are formed on an insulative substrate 50. A 
silicon dioxide (Si0 2 > fill* 54, which serves as a gate 
insulation layer, is deposited on those gate electrode 
films 52-1, 52^2. Thin-film transistors 58 , 60 made 
of amorphous silicon films 56-1, 56-2 , which had been 
deposited on the SiQ 2 film 54 after the patterning was 
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performed, are further provided on the Si0 2 film 54. 
source electrodes 62-1 and 62-2 are so provided as to 
come into contact with the amorphous silicon films 56-1 
and 56-2 of the TFTs 58 and 60 on the Si0 2 film 54, 
respectively. These electrodes 62-1, 62-2 are patterned 
and integrally formed with respect to the data line Y L . 
Drain electrodes 64-1, 64-2 are connected to the tran 
sistors 58, 60 and display electrode layers 66-1, 66-2. 
Reference numerals 68-1 and 68-2 respectively indicate 
each one terminal electrode of an additional capacitance 
(or compensating capacitor) 80 (Fig. 7) which is so 
formed as to partially face the gate electrodes 52-1, 
52-2 through the Si0 2 film 54. (This additional capaci- 
tor corresponds to the capacitor 28 in the picture 
element circuit C ±j shown in Fig. 3.) These transistor 
matrix arrays, excluding the display electrodes 66, are 
covered by Si0 2 films 70-1 and 70-2. A glass substrate 
72 on which a transparent conductive film 74 is formed 
is superimposed over the transistor matrix array struc- 
ture constituted in the manner described above. A 
liquid crystal material is used to seal the sealing 
space between the transistor array structure and the 
glass substrate 72, thereby constituting a liquid 

crystal layer 76. 

An equivalent circuit of the principal section of 
the thin-film transistor array for driving the liquid 
crystal display device of Figs. 5 and 6 is shown m 
Pig. 7. in the circuit of Fig. 7, since the same 
elements and components as those shown in Fig. 3 are 
designated by the same reference numerals, their 
descriptions are omitted here. In Fig. 7, one end of 
the additional capacitor, i.e., the compensating capaci 
tor 80 connected to the TFT 58, which is included in th 
picture element circuit c tj connected to the address 
line X- and which serves as the transfer gate, is con- 
nected to the adjacent address line X^i which is one 
line before the address line X t . In this second 
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embodiment , the third line for supplying the compensating 
voltage V 2 to the picture element circuit C^jf i.e., 
the address line for supplying the compensating pulse 
(corresponding to of Fig. 3) is not provided. This 
5 is because, according to this second embodiment , the 

address line for supplying the gate pulse signal also 
serves as the address line (Zj) for supplying the com- 
pensating pulse (mentioned above). Furthermore, in 
Fig. 7, the capacitor for storing the image signal is 

10 not specially provided; though the synthetic capacitance 
obtained by synthesizing in parallel the capacitance 
of the liquid crystal layer 76 itself, the additional 
capacitance 80, and the parasitic capacitance 24 of 
the TFT 58 is used as the capacitor for storing the 

15 image signal voltage. It should also be noted that the 
capacitance of the additional capacitor 80 is preferably 
set to be about twice the capacitance value of the 
parasitic capacitor 24 when the TFT 58 is conductive. 
In addition, the above-mentioned picture element cir- 

20 cuits are aligned to define rows and colums of a 
50 x 50 (where, m = n = 50) matrix. 

The operation mode of the liquid crystal display 
device of the second embodiment, which is constituted as 
described above, may be described as follows, with 

25 reference to Figs. 8A to 8D, as well as Figs. 5 to 7. 

The pulsating image voltage signal V d (Fig» 8C) to be 
supplied through the data line Yi# during the period 
between time ti and time tj+At, is stored in the drain 
electrode terminal of the transfer gate TFT 58. This 

30 image voltge signal V d is continuously held until 
another image signal is nextly supplied after time 
tj+At. At this time, during the period from time 
ti to the time when At+t d (where, t d > 0) has elapsed, 
in order to prevent the voltage drop of the image signal 

35 V d which is due to the influence of parasitic capacitor 
24, a positive gate pulse 82 of voltage level V g 
(Fig. 8B) is applied to the address line YL^ and, at the 
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same time, the compensating pulse 84 (Fig. 8A) having a 
voltage depth of V g /2 and a polarity opposite to that of 
this gate pulse 82 (i.e., negative polarity) is applied 
to the address line X^. Thus, it is possible to 
diminish the signal voltage drop AV represented by the 
previously mentioned equation (3) to substantially zero. 
It should be noted that the pulse width of the compen- 
sating pulse 84 mentioned above may not necessarily be 
identical to that of the gate pulse 82 to * * 
the address line Xi . It might also be possible to start 
applying the compensating pulse from any time unit time 
t .+ A t, after applying the gate pulse 82 to the address 

line X 4 . tw . . 

According to the second embodiment described above, 

the address line * 4 for supplying the compensating pulse 
need not be specially provided, since the ordinary 
address line X t also simultaneously and commonly serves 
as the line for applying the compensating pulse signal 
to the TFT drain. This simplifies the transistor gate 
array structure and also permits an effect similar to 
that of the first embodiment. 

Fig. 9 illustrates the circuit arrangement of 
a principal section of a third embodiment of the present 
invention. Since the same elements and components as 
those of the second embodiment (Fig. 7) are designated 
by the same reference numerals, their descriptions are 
omitted here. In Fig. 9, the capacitor 84 used only for 
the storage of the image signal voltage is provided 
between the (i-l)th address line and the drain 

electrode of the transfer gate TFT 58. On the other 
hand, an additional capacitor 86 is connected between 
the TFT drain and the address line X i+1 adjacent to the 
address line X, on the opposite side of address line 
x . . This additional capacitor 86 is so selected that 
its capacitance is equal to the capacitance value of 
the parasitic capacitor 24 when the TFT 58 is in the 
conductive state. 
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Figs. 10A to IOC illustrate the signal waveforms of 
the gate pulse signals to be supplied to the address 
lines X-i-ir Xi and X i+1 , respectively. Fig. 10D 
represents the waveform of the image signal having pulse 
voltage level X d , which signal is to be applied to the 
data line Y j . Fig. 10E represents the waveform of 
signal voltage 4> ij to be applied to the liquid crystal 
layer 72 of the LCD device. A pulse 90 (Fig. 10D) of 
the image signal V d to be supplied through the data line 
Yi to the picture element circuit c^j during the period 
of time denoted as ti - t i+1 is stored in the capacitor 
84. At this time, as shown in Fig. 10A, a compensating 
pulse 92 having a polarity opposite to but with the same 
peak value (i.e., -V g ) as a gate pulse 94 on address 
line Xi having peak value V g is supplied to the address 
line X-j_i. This compensating pulse 92 is also inter- 
mittently applied for only the time period t d , even 
after time t i+1 . (However, even if t d is zero, this 
will not actually be an essential problem with respect 
to the operation of the LCD device.) In this situation, 
although the image signal voltage <fr ij to be applied to 
the liquid crystal layer 76 of the unit picture element 
has values other than the voltage V d of the above- 
mentioned image signal pulse 90 from the data line Y ± 
during the period denotes T s - t i+1 ~ t i+3 , as shown in 
Fig. 10E, this voltage is equal to the above-mentioned 
voltage value V d after only time period t d has elapsed, 
from time t i+3 , whereby the fundamental operation of the 
picture element display is performed. The fact that the 
period T s during which the image signal is to be applied 
to the liquid crystal layer 76 temporarily fluctuates 
presents no particular problem, since it is substan- 
tially shorter than the time period during which the LCD 
device holds the picture element display. 

According to the third embodiment thus constructed, 
when the gate pulse 94 which affects the transmission of 
the image signal to the address lin Xj to be connected 
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to the picture element circuit Cij by turning on the TFT 
58 is applied, the address line X^i which is one line 
before the address line Xi and to which the additional 
capacitor 84 is connected serves as the compensating 
pulse supplying line for the picture element circuit 
C i -. At this time, the adjacent address line X i+1 on 
the opposite side of the address line X^ functions as 
the grounded line for the picture element circuit Cij . 
By applying the compensating pulse signal to one end 
of the liquid crystal layer 76 to be connected to the 
drain pattern line of the TFT 58 through the additional 
capacitor 84, it is possible to almost completely 
compensate for the voltage drop of the image signal 
to be stored in this capacitor 84 due to the parasitic 
capacitor 24. In this embodiment, there is not par- 
ticular need to provide a ground potential (zero 
potential) in the picture element region. This enables 
the transistor matrix array structure to be further 
simplified and, accordingly, it is possible to realize 
a high manufacturing yield with respect to the LCD 
device; and, an image display with a high degree of 
accuracy and fineness via the LCD device may be obtained 
at the same time. Thus, it is possible to realize a TFT 
matrix array which is capable of driving the LCD with a 
high degree of reliability. 

Although the present invention has been shown and 
described with respect to particular embodiments, 
various changes and modifications, which are obvious 
to a person skilled in the art to which the invention 
pertains, are deemed to lie within the spirit and scope 
of the invention. 

The above description was made with respect to the 
TFT circuit which is used to drive the LCD device. 
However, the constitutional concept of the TFT circuit 
of the present invention can also be applied to other 
thin display devices. In Fig. 11, a TFT circuit 
illustrated is one to which the fundamental concept of 
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the first embodiment of Fig. 3 has been applied , and one 
which is designed for use with an EL display device. 
The picture element circuit Cij, designed for use with 
the EL display device has two s TFTs 20, 96. The image 
signal is stored in the capacitor 26 which serves to 
store the image signal, by performing the switching 
operation of the TFT 20 in a manner similar to the case 
of the first embodiment described with reference to 
Fig. 3. Image signal <J> ^ j is supplied to the gate of the 
second TFT 96. This switching operation of the TFT 96 
is controlled by that image signal <f> ± j . This enables 
the display of an EL layer 98 for receiving an AC 
voltage from a terminal 100 to be driven. 

With the thin-film transistor of the present 
invention, since the mobility of the semiconductor 
material is small, the channel width has to be set 
at a larger value to a certain extent, for the purpose 
of high-speed operation. Therefore, since any such 
transistors may be used, the influence due to the 
parasitic capacitance between the gate and drain is 
not negligible. To apply a gate pulse and compensating 
pulse having a polarity opposite to that of the signal 
voltage to the drain end, transistors having a so-called 
MOS transistor construction, which generally has a pn 
junction at its source-drain, are excluded. This is 
becuase, when the compensating pulse is applied, the pn 
junction present serves as the forward bias, so that its 
effect cannot be obtained. However, the MOS transistor 
structure will not cause a problem if the device region 
is electrically isolated from other regions and is in a 
total floating state. 

Furthermore, the semiconductor material of the 
transistor is not limited to amorphous Si, since poly- 
crystalline or crystalline silicon might also be used, 
as may a semiconductor material such as CdSe, CdS , etc. 
The additional capacitance may be set to an arbitrary 
value, and the proper setting of the magnitude of the 
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compensating pulse to be applied to the additional 
capacitor allows the effect of the present invention 
to be fully attained. It is not always necessary 
to use the (i-l)th address line, as in the case of 
the present embodiment, to send the compensating 
pulse to be applied to the additional capacitor 
in the (i, j ) th picture element circuit, and any 
address lines other than the i-th address line may be 
used. As shown in Fig. 9, where one end of the (i,j)th 
capacitor 86 is grounded by an address line, the address 
line used here need not limited to the (i+l)th address 
line; since any address lines, other than the address 
line used to send the gate and compensating pulses, may 
be employed for this purpose. 
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Claims: 



1. A thin-film transistor circuit for driving a 
thin display device comprising 'a plurality of circuit 
components (C) which control the picture element display 
in unit picture element regions of said thin display 
device and which are arranged so as to form a matrix 
connected to data lines (Y) supplying an image signal 
and connected to address lines (X) substantially 
crossing the data lines perpendicularly and supplying a 
first pulse signal to command the transmission of the 
image signal, characterized in that each circuit com- 
ponent (C) comprises capacitor means (26, 84), connected 
to one unit picture element region (22) of said thin 
display device, for receiving and temporarily storing 
the image signal, transfer gate means (20, 58) for 
performing switching operation in response to the first 
pulse signal, thereby transferring the image signal to 
said capacitor means (26, 84), said transfer gate means 
including a thin-film transistor (20, 58) having a gate 
electrode connected to one of the address line (Xi> , a 
source electrode connected to one data line (Yj) and a 
drain electrode connected to said capacitor means (26, 
84), and voltage compensating means (28, 80, 86), con- 
nected to said capacitor means (26, 84), for supplying 
said capacitor means with a second pulse signal which is 
synchronized with the first pulse signal and has a 
polarity opposite to that of the first pulse signal, 
thereby preventing the image signal voltage across the 
capacitor means (26, 84) from decreasing. 

2. The circuit as recited in claim 1, charac- 
terized in that said voltage compensating means (28, 80, 
86) applies to said capacitor means (26, 84) the second 
pulse signal having a voltage value enough to compensate 
for the reduction of signal voltage resulting from the 
partial leakage of the image signal voltage stored in 
said capacitor means (26, 84) into the parasitic 
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capacitance component (24) existing between the gate 
and drain electrodes of said thin-film transistor 
(20, 58). 

3. The circuit as recited in claim 2, charac- 
terized in that said voltage compensating means includes 
signal generator means (V z ) for generating said second 
pulse signal, signal transmitting line means (Z A ) con- 
nected to said signal generator means (V z ) , for 
transmitting said second pulse signal, said line means 
being substantially parallel to said one address line 
(Xi ), and second capacitor means (28), provided between 
said signal transmitting line means (Z ± ) and a common 
contact (34) of said first capacitor means (26) and said 
transistor drain electrode, for supplying said second 
pulse signal to said capacitor means (26). 

4. The circuit as recited in claim 3, charac- 
terized in that the second pulse signal is generated so 
as to have a voltage value substantially equal to: 



where C p : the parasitic capacitance to be caused in 
said transistor (20), 
C z : capacitance of said second capacitor means 

(28) , 

V g : pulse voltage of the first pulse signal. 

5. The circuit as recited in claim 3, charac- 
terized in that said thin display device includes a 
liquid crystal display device. 

6. A liquid crystal display device comprising a 
liquid crystal layer (76) sealed between a substrate 
(50) having display electrodes (66) to define a pluralit 
of unit picture element regions and a transparent ele- 
ctrode plate (72 >, and display drive circuit means (C) 
integrated and formed on said substrate (50), for 
controlling the picture element display of said liquid 
crystal layer (76), characterized in that said display 
drive circuit means includes a plurality of picture 
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element circuit units (C;Qr c 12' c i j ' ^mn^ 

which are arranged in an m x n matrix form (where , m, 
n: positive integer) corresponding to said unit picture 
element regions, each of which circuit units includes 
5 first capacitor means (26 , 84) , connected to said unit 
picture element region , for receiving and temporarily 
storing the image signal, and transfer gate means con- 
taining a thin-film transistor (20, 58), for receiving 
a gate pulse signal and for performing the switching 

10 operation in response to said pulse signal so as to 

transfer the image signal to said first capacitor means 
(26, 84), and that voltage compensating means is con- 
nected to said first capacitor means (26, 84), for 
supplying said capacitor means (26, 84) with a com- 

15 pensating pulse signal which is synchronized with the 
gate pulse signal and has a polarity opposite to that 
of said gate pulse signal, thereby preventing the 
deterioration of the voltage of said image signal stored 
in said first capacitor means (26, 84) due to the 

20 parasitic capacitance component inevitably existing 
in said thin-film transistor (20, 58). 

7. The device as recited in claim 6, characterized 
in that said display drive means (C) further comprises m 
address lines (X), commonly and respectively connected 

25 to said m-row picture element circuit units (Cijr C 2 j t 
Cmj)' for transmitting said gate pulse signal, and 
n data lines (Y) , commonly and respectively connected to 
said n-column picture element circuit unit (Ciir C i2 ' 
• • • r Ci n ) t for transmitting said image signal. 

30 8. The device as recited in claim 7, characterized 

in that said thin-film transistor (20, 38) has, in one 
picture element circuit unit (Cij) in the (i,j)th matrix 
position, a gate electrode connected to an i-th (where, 
0 < i < m, n) address line (X ± ) , a source electrode con- 

35 nected to an i-th data line (Yj), and a drain electrode 
connected to said first capacitor means (26 f 84). 

9. The device as recited in claim 8, characterized 
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in that said voltage compensating means comprises second 
capacitor means (28, 80, 86), provided in each of said 
picture" element circuit units (C) and connected to the 
drain electrode of said thin-film transistor (20, 58), 
for supplying the compensating pulse signal to said 
first capacitor means (26, 84). 

10. The device as recited in claim 9, charac- 
terized in that said first capacitor means is sub- 
stantially constituted by said unit picture element 
region (76) and said parasitic capacitance component 
(24); and that said second capacitor means (80) provided 
in the (i,j)th (where, 0<i<m, 0<j<n) picture 
element circuit unit (Cij) connected to the i-th address 
line (Xi) and the j-th data line (Yj) among said 
plurality of picture element circuit units (C) is con- 
nected between the drain electrode of the thin-film 
transistor (58) of said (i r j)th picture element circuit 
unit (Cij) and the (i-l)th address line (X^) which 

is one line before the i-th address line (X^) , said com- 
pensating pulse signal being supplied thereto through 
the (i-l)th address line (Xi_i). 

11. The device as recited in claim 9, charac- 
terized in that, in said one picture element circuit 
unit (Cij) connected to the i-th address line (Xi) and 
the j-th data line (Yj) in the (i,j)th matrix position, 
said first capacitor means (84) is connected between the 
drain electrode of said thin-film transistor (58) and 
another address line (X±-i) which serves as the ground 
line for said first capacitor means (84); and the said 
second capacitor means (86) is provided between the 
drain electrode of said thin-film transistor (58) and 
still another address line (X i+ i) which also serves as 
the transmission line for said compensating pulse 
signal* 
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© Thin-film transistor circuit. 

(st) A thin-film transistor circuit used to drive a liquid crystal 
display (LCD) device is disclosed, which circuit includes a 
plurality of circuit components (QP which are as arranged in 
the form of a matrix as to be connected with data lines (Yj, 
Y^) for supplying an image signal and with address lines 
(Xi Xi«i) for supplying a gate pulse signal, whereby the 
circuit components control the picture element display in the 
unit picture element region of the LCD device. Each circuit 
component has a capacitor (26) connected to the unit picture 
element region (22) for temporarily storing the image signal, 
and a TFT transfer gate (20) having a gate electrode 
connected to one (X,) of the address lines, a source electrode 
connected to one (Y,) of the data lines, and a drain electrode 
. connected to the capacitor (26). The transfer gate (20) 
performs the switching operation in response to the gate 
pulse signal, thereby transferring the image signal to the 
capacitor (26). A compensating pulse signal which is syn- 
chronized with the gate pulse signal and has a p larrty 
opposite to that of the gate pulse signal is applied to the 
capacitor (26), thereby preventing a decrease in the image 
signal voltage across this capacitor (26) due t the parasitic 
capacitance component existing in the thin-film transist r 
(20). 
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